Recent advances in wireless sensor networks (WSNs) now witness the increased interest in the potential use in applications. Sensors are expected to be remotely deployed in large numbers and operate autonomously in unattended environments. In this paper, Ant-colony-based Geographic and Energy Balance Routing (AGEBR) was utilized to establish wireless sensor networks which had survival cycles. This Ant-colony-based routing can modify the geographic information based on the distribution characteristics of the ant colony algorithm, and finally achieve fast convergence and high efficiency. As a result, the sensor networks which did not have lasting energy supplement or only had limited energy complement could last a longer period without losing their sensing ability. Experimental results demonstrated that the proposed approach can keep balance of the network energy consumption, prolong the network lifetime, and enhance the successful sending rate without congestion.
geographic routing with ant colony algorithm. The algorithm can be easily perceived and support the distributed features, thus it can be easily implemented in resource-constrained wireless sensor network nodes. The simulation results exhibited that this algorithm had better energy consumption radio and longer lifetime compared with some classic routing algorithms. This paper is organized as follows. In Section 1, we introduce wireless sensor network and recent routing research about Ant Colony Optimization. In Section 2, we briefly recall the relevant foundation of Ant Colony Optimization. In Section 3, we describe the suitable algorithm model for wireless sensor networks. Section 4 is the core part of the proposed algorithm which is focusing on the utilization of Ant-colony-based Geographic and Energy Balance Routing (AGEBR) to balance the energy consumption in WSNs. In Section 5, we compare the presented method AGEBR with another method MintRoute [5] , and confirm the correctness of the proposed algorithm. At last, we conclude in Section 6.
Related Work
Energy-aware routing and location routing, together with the feasibility of the utilization of environmental energy resources contribute to our work in wireless sensor networks.
Energy-aware Routing Algorithm. In the past few years, energy-aware routing algorithm had drawn many researchers' attention. Tan et al. proposed to use the position and distance to compose the routing tree to achieve the energy balance with the maintenance of dynamic routing [6] . Wei et al. proposed a new algorithm which regulated the dynamic voltage. This routing algorithm not only achieved energy saving by using multiple voltages and operating frequency in the sensor node, but also changed the routing in the process of regulating the voltage and frequency. However, this algorithm may make the routing unstable during the processing [7] . Long et al. proposed a central routing algorithm based on the Rayleigh attenuation model, which minimized the energy loss, balanced the energy consumption and maximized the network lifetime [8] . All these efforts were based on the assumption that nodes could supply limited or quantitative energy, but this energy did not include the additional energy from the environment.
Location-based wireless sensor network routing protocol. The feasibility of the location-based wireless sensor networks routing protocol depends on the variability of the region, and the orientation of the decision-making. The node for sending packets only needs the location of itself, hop and the destination node. But for the traditional location-based routing algorithm, packets can only be sent to the hop neighbors who can provide optimal way to the destination node by local and greedy mode. In greedy mode, the nearest neighbor of the destination node serves as the next hop, which is selected by the shortest path routing algorithm, While GPER (geographic power efficient routing) is inclined to shorten the distant neighbor.
Currently, some investigations showed that the wireless link might appear high unreliability. When the high-level protocol was evaluated, such unreliability was needed to be calculated explicitly. Zuniga et al. illustrated the existence of large "traditional areas" in which the link quality displayed variably, including both good and unreliable links [9] . This kind of link exposed an important defect of the greedy algorithm that the link between the nearest neighbor of the destination node and the forwarding nodes were weak. This weak link led to the increasing packet loss rate and the decreasing sending rate, as well as the increased energy consumption in case of retransmission mechanism. Fortunately, the researchers who focused on the location-based routing realized the problems in the condition of this channel. Seada et al. proposed a location based routing algorithm which could trading off distance, hops and energy. They summarized that the desired packet transmission, PRR (packet reception rate) × Advancement, is an alternative measure, which contributed to the decision-making of the local location based routing algorithm when faced wireless network lost in ARQ (Automatic Repeat reQuest) mechanism [10] . The work above only focused on the packet transceiver, but the energy consumption of the relevant nodes was not taken into consideration.
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Algorithm for Sensor Network Models
Network model. The network described in this article was a randomly distributed wireless sensor network, with a sink node and other source nodes for the rest. Each source node i (i = 1, 2, 3 …) sent data to the sink node periodically, and each node had a radio communication radius (Rm) with highest frequency. When the physical distance of the nodes was less than Rm, they communicated with each other. Thus, the communication matrix was generated below ( ij P is described here as the communication between node i and node j):
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(2) Energy Model. Kansal et al. proposed a mathematical model of energy. When the power met certain conditions, the node could continue working without energy depletion [11] . 2 1 ) (
(
In this formula, ρ is used to describe the energy-harvesting power, and 1 σ , 2 σ represented the energy threshold respectively. When the initial energy of the node battery was greater than 2 1 σ σ + , the node sustained the work stably within the time T. As a result, when the initial battery capacity was sufficient, the nodes worked steadily by regulating the energy-consuming power ) (t E . This article assumed that the energy-harvesting power was all same with its value small or zero. Thus, the power was exhausted when some nodes could not meet the condition of continuous work. In this situation, T was less than a constant. The goal of this paper was to make the T value of each node as similar as possible to ensure that the energy of the entire network was exhausted at the same time. In this case, it guaranteed the longest time of the whole network without affecting the sensor function.
In every moment, the node obtained the remaining energy as well as the energy in the future time ) ( T T ρ . If there is no energy supplement, the value is 0. Therefore, the steady work was achieved by controlling the energy-consuming power.
From another perspective, the higher the sum of the remaining and obtained energy was, the more the energy for consumption could be supported. The energy consumption was expressed as follow:
is the energy-consuming power during working, which is regulated by the task cycle of the node.
) (t E s is the energy-consuming power in non-operating state. In general, it is a constant.
(5) Therefore, the minimum duty circle was determined according to the formula (5) , so that the maximum energy could be consumed without affecting continuous work of the node.
The energy was used efficiently by choosing the right route and controlling the packets which were sent by the maximum duty-cycle point. In addition, another standpoint for sensor network was the performance to minimize the delay. Though the node with high duty-cycle frequency had more energy for forwarding data, there may also be the existence of congestion in the entire pathway. The
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average of the maximum energy consumption in the next period of time T could be attained by the current residual energy and the forecast of the future information collection. According to this value, it was able to arrange the tasks reasonably and generate the widest duty cycle.
Task model. Each sensor node contains two assignments: data collection and task sending, which is related to the sensor function and duty cycle. Thus through the node, the route, forwarding tasks, and other nodes' forwarding packets can finally reach the gateway. However, not all the nodes have both route and tasks for forwarding. The node which can hold both two elements must be the intermediate node which can be selected as a route, not the node located in the edge. In addition, the node must have the capability of routing and forwarding.
Ant-colony-based Geographic Routing for Sensor Networks
The Ant Colony Optimization was presented by M. Dorig during the early 1990s. It is a heuristic bionic evaluative algorithm which simulates the behavior of the ants' searching road in nature. As shown in Figure 1 , node B and F represented the ant hole and food source respectively. Initially, numbers of ants were released from the node B to node F, thus they would have the equal probability to select of the routes of B-C-F, B-D-F and B-E-F. When passing through the path, the ants released a certain amount of pheromone which was volatile in a certain rate. Thus it helped the ants to judge the road ahead according to the pheromone intensity. While the ants who selected B-D-F track back to B, the other ants starting from B could not return because of the other two longer paths. Thus, the pheromone intensity on B-D-F was higher than that of the remaining two branches. This would lead to the higher probability of the following ants to choose the path of B-D-F. Therefore, the pheromone intensity of the B-D-F branch was growing more and more, while the reduction number of ants visiting the remaining two branches resulted in less and less pheromone. Finally, all the ants would choose the shortest length of B-D-F slip.
However, the ant colony algorithm could not be directly used because of some issues needed to be addressed. The first one was to choose the next hop to avoid forming loop. The second one was to eliminate congestion. The third was to achieve the distribution of the algorithm within the node. Therefore, we designed the following algorithm to solve the problems above.
Step1: In the initialization of the algorithm, each node was given a certain amount of pheromone, and each packet was regarded as an ant. The ant k (k = 1, 2, 3 ...) could choose and determined the node as next hop according to the concentration of pheromone in the nodes. The set of the next optional hop for the ants was k allowed . The elements in this set must be closed to the sink node:
is the distance from the neighbor node j to the sink node, while sink i d , is described as the distance from the current node k to the sink node.
Step2: In the searching process, the ant k calculates the transition probability according to the residual amount of information on the various paths and the path states. At time t, when the ant k transferred from node i to node j, the probability ) (t P k ij was fixed by formula (7) .
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is used to describe the remaining pheromone of the node j, k allowed illustrates the set of the next optional hop. And α and β here represent Pheromone inspiration factor and Expectations heuristic factor, respectively, and they are constants.
is the heuristic information to measure the importance of the location information. It can be expressed below:
(8) The closer to the gateway the node locates, the greater the probability to be the next hop is.
Step3: In order to avoid the pheromone caused by excessive residual information flooding the heuristic information, the residual information was updated after each ant had completed one step. It was expressed based on the two different kinds of nodes here.
Based on the sending nodes:
(10) Based on the receiving nodes:
is the pheromone for each adjustment. ) 1 0 ( < < ρ ρ is the updating and evaporation coefficient, thus
is the residual coefficient. When the package was send successfully, both sender and receiver increased the total amount of the pheromone, which could enhance the probability to be selected as the next hop. When the sending is failed due to the congestion or other reasons, the unsuccessful packages also spread from its own path to the whole path within a finite number of message cycles. As a result, the problem link bypassed for the election route in the future.
The utilization of geographic information as a constraint contributed to the only consideration to the neighbors of the nodes which were closer to the sink node as the next hop node. Thus it can avoid the emergence of the loop effectively.
The dynamic routing was reasonably achieved by the improved ant colony algorithm. The algorithm had a distributed nature, suitable for using in a distributed network. Meanwhile, it is also relatively simple enough to be utilized in such resource-constrained sensor networks.
Simulation and Analysis
Simulation. To test the performance of algorithm, this paper simulated and compared ABEBR with MintRoute using the Matlab software. On assumption that, there were 30 sensor nodes (source node) distributed randomly within in a circle with the radius of 100m. Meanwhile, a sink node was located in the center of the circle. Each sensor node started to generate the data collection and package sending every 10 seconds. Thus, when sent from the sensor node, each packet was initialized into an ant. Here, both pheromone inspiration factor α and expectation heuristic factor β were constant, and the value was 1.
Results analysis.
The simulation compared the energy balance of the ant colony AGEBR with the residual energy routing MintRoute. All the data results from the average of the same conditions for three times, and illustrates the survival time and the data forwarding capability of the nodes which keep different distance from the gateway.
In this paper, the network lifetime was compared between AGEBR and MintRoute. Initially, each node was set to hold the approximately same energy. As shown in Fig.2 , the sensor networks using ant colony algorithm sustained for longer time. Thus it also proved that the routing strategy used in this paper had better energy saving effect than the algorithm based on the remaining battery energy.
The energy consumption was also simulated in this section. Changeable with the previous experiments, the 14 nodes which were nearer to the gateway hold a maximum initial energy during the 100 days' simulation. (n=14). Different superscript letters represent significant differences (P<0.05). Figure 3 showed the energy consumption rate of the whole network by MintRoute and AGEBR algorithm. The energy consumption rate of AGEBR was significantly lower when compared with the rate of MintRoute. Such a result comes out because the reliability for each routing was taken into account in order to solve the congestion problems. In addition, the load balancing and energy balance were also taken into consideration. Thus, the energy consumption and collection ratio of each node would appear a more average proportion and a smaller deviation.
